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Summary Preparation of Catalysts
Product Analysis
Motivations
Reaction Conditions
We present a  method for producing pure-
phase intermetallic and monometallic catalysts 
using Ni, Cu, and Sn supported on silica and 
activated carbon with various loading 
amounts. Significant amounts of 2-methylfuran  
were produced from the hydrogenation of 
furfural. These non-precious metal catalysts 
are promising owing to their low cost, high 
selectivity and high activity.
Conclusions
Future Directions
The products were analyzed by mass 
spectrometry (MS) to determine the identity of 
the products and by gas chromatography  (GC) to 
determine the relative amount of each product.
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The depletion of fossil fuels and the health of
the environment has become a concern as
transportation fuels play an increasingly larger
role in the economy. Research has turned to
the breakdown of sustainable biomass to
produce value-added chemicals as the
replacement of fuel additives, food
preservatives, and polymer precursors that
usually come from petroleum. Expensive,
noble metal catalysts are often used. A series
of Ni- and Cu- based intermetallic and
monometallic catalysts were synthesized and
characterized. Their catalytic properties were
tested in glycerol and furfural selective
hydrogenation reactions. Furfural was
converted to a useful derivative and high
conversion and selectivity was achieved.
• Modify the amount of time, temperature, 
catalyst amount, and reactant concentration 
that produce the highest conversion and 
selectivity of 2-methylfuran.
• Explore other substrates and loading 
amounts.
• Modify the reaction process to use an in-
situ hydrogen source and an industrially 
favored liquid-flow reactor.
Biomass
Conversion
CatalystReactants Products
• 90.3% conversion  of furfural and 17.6% 
selectivity to 2-methylfuran was achieved 
at 200°C with 869mg of catalyst.
• 0.4% conversion  of furfural and 100% 
selectivity to 2-methylfuran was achieved 
at 200°C with 319mg of catalyst.
• Pure-phase Ni3Sn2 Cu3Sn/SiO2, Cu3Sn/C, 
Cu40.5Sn11/SiO2 can be prepared using the 
wetness impregnation method.
Gas chromatography. The image shows the internal
standard 1-4 dioxane used to calculate the response
factor for the conversion and selectivity to 2-
methylfuran.
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GC. The area underneath each peak is proportional  to 
the amount of product present. Here we see more 
product than reactant and  only one byproduct.
MS. Each peak is equal to a ion fragment of a molecule. 
The computer analyzes these  fragments to determine 
that this product is 2-methylfuran.
Dissolved Reagents
Dissolved a metal 1 
precursor (Cu or Ni) and, 
for intermetallics, a 
metal 2 precursor (Sn, In, 
or Ga). Used either 
activated carbon or silica 
gel substrates in various 
stoichiometric amounts 
(2.5-10%).
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Used oil bath or rotary 
evaporation to dry 
sample. Reduced sample 
at 500°C for 2 hours.
Added urea and heated 
solution in autoclave at 80°C 
for 12 hours. Dried and 
reduced sample.
XRD spectra of 
successful 
intermetallic. The 
spectra shows a 
highly pure-phase 
bimetallic 
nanoparticles. Pure-
phase 10% 
Cu40.5Sn11/SiO2. 
Wetness Impregnation 
Method
Co-precipitation Method
XRD spectra of 
unsuccessful 
intermetallic. The 
spectra doesn’t 
show intermetallic 
nanoparticles in a 
set ratio. Single 
metallic phase and 
oxides are present.
plant matter
pharmaceuticals
food
preservatives
chemicals
furfural
2-methyl furan
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1-2 
propanediol
28g furfural, 30mL 
cyclohexane,  0.3-0.9g 
catalyst, 400bar H2, 
200°C, 400rpm stirring, 
18 hours
Batch Reactor
Furfural Hydrogenation
• 2-Methylfuran product detected.
• Ni/SiO2 catalyst with a 2.5% 
loading showed high conversion.
• Cu/SiO2 catalyst with 3.0% 
loading amount  showed high 
selectivity.
Products were separated from 
the catalyst using a centrifuge 
at 8000rpm for 10min. 
